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REPORT ON THE ACTIVITIES OF THE SOCIETY

T.C. Hurley

Since our last Newsletter the Society put most of ite effort into

two mein areas, viz. conferences and the Mathematical Olympiad in schools.

The Group Theory Conference in Galwaey was a tremendous success
with over 25 participants, including a small number from abroad. Great
credit is due to the main speakers for their very informative presentation,
tending to review some of the main areas of tﬁe theory and not getting
bogged down in technical detail. Martin Newell, the organiser, has
plans well in hand for amother conference in May this year and informs
us that he hopés to make it an annual event. Group Theory is alive, well

and flourishing in Ireland.

The His;q;y of Mathematics éonference in Cork attracted a great
deal of interest with about 25 participants. The nature of the material
made it very amenable; and all the participants seemed to enjoy it very
much. The article "Calculating Prodigies" by J. Callagy, which appears
in this Newsletter had i;s origin at this Conference. Many thanks are
due to Des MacHale, the organiser. (It didn't turn out to be another
Kerryman joke as some believed!).

.

The Conference on Matrix Theory and its Applications held recently
attracted not énly Mathematicians, but also Statistic;ans, Economists,
Business Admists., Engineers and Educationalists. Personally, I had
not realised thé extent of the applications of the theory in all areas,

and the interplay between the various disciplines was very stimulating.



The Mathematics Contest for schools took place on 6th March with

about 700 Irigh students taking part. The contest was organised by welcome contributions to the Newsletter - ghort surveys, problems,

the Society with the co-operation of the Irish Mathematics Teachers solutions to previous problems, news and information, jokes, etc.

Association The organising subcommittee consisted of Finbarr Holland, even criticism. The eddress is:- The Editor, 1.M.S. Newsletter,

Tom Laffey and Fred Holland. I don't know how they did 1t, but they Mathematics Department, University College, Relfield, Dublin 4.
managed, despite the postal strike, to get the papers delivered to
places as far away as Letterkenny and Bunclody. Results are slowly
trickling in but the postal strike is holding things up. The contest

1a being sponsored by the Educational Company of Ireland Ltd. and we

are grateful for their support.

At a meeting in Helsinki, agreement was not reached on the formal
Creation of a European Federat{on of Mathematical Societies. The
Oberwolfach Institute for Mathem;ticians has, in the meanwhile, placed
their offices at Freiburg at the disposal of the interested parties and
is, among other thingsg, collecting, collating and disseminating
information of Mathematical interest. it is from there that we receive

the list of forthcoming Mathematical Meetings which you will have seen. <

At the instigation of the Society, in particular Finbarr Holland
and Martin Newell, the National Council for Educational Awards (N.C.E.A.)
conducted a nNumeracy-type test in the Regional Colleges. The N.C.E.A.

decided not to reveal the results.

We have about 120 members in the Society but a number of these
have fallen behind in their subscription - gtill only £2.00. 1If you
are one of them, our treasurer Martin Newell (U.C.G.) would be most .
pleased to hear from you. A 1list of the Committee appears on page 36,

and you may also hand your subscription to any one of these. We would



NEWS AND NOTES
e e

IRISH NATIONAL MATHEMATICS CONTEST

The first National Mathematics Contest was held on Marqh 6, 1979, and
the results are now being compiled. The chief organiser of the contest
is Dr. Finbarr Holland, who as first president of the I.M.S. made
the institution of this contest one of the aims of the I.M.S. Through
his trojan efﬁorts, the contest was held despite the handicap of the
postal dispute and over 700 students participated. The Soclety is

L ]
very grateful to the M.A.A. Commiftee on High School Contests and the
Executive Director of the American High School Mathematics Examination

who gave permission to use their test. (This test is used in the

United Kingdom and Canada as well as the U.S. and it is held simultaneously

in participating countries). The contest could not have been held here
without the co-operation of the teachers aﬁd we wish to thank them
individually and as members of the I.M.T.A., for carrying out the test
and for encouraging their students to participate. The Society also
wishes to express its gratitude to the Educational Company of Ireland

Ltd. who have kindly agreed to sponsor the contest.

A full account of this year's contest and the results will appear

in the next issue of the Newsletter.

SHORT CONFERENCES

One of the main activitiea of the Society has been the organisation

of short, mainly instructional, conferences. The next conference of

this type will be held in University College, Galway, on May 11-12,
and will be on Group Theory. The organiser 1s Professgor M.L. Newell,
A similar conference on Function Theory will be held in University

College, Cork, in the Autuan,

These conferences are a good way of e;couraging research and of building
Up a mutual awarenegs of the work of one's colleagues. They nicely
supplement the D.I.A.8. symposia in that thej are each devoted to

one particular topic, while the sympdsta cater for the mathematical
comaunity in a more general context. For this reason, the Society
strongly encourages its members to undertake the task ot_orgnnislng

more conferences of this type.

CONTRIBUTIONS T0 THE NEWSLETTER .

As was statéd in the 1iryt igsue of the No'sletter, it 18 hoped to
include in each issue some short surveys of research topics or topics
in the history of Mathematics. Contributions of this type are sought
from readers for consideration for inclusion in the Newsletter. From
the discussion on Mr. Con 0'Caoimh's talk at the I.M.S. conference |
on Matrix Theory and its Applications, it i3 clear that many members
have very strong (and‘divergent) views on what type of Mathematicg

should be taught in second-level gchools. We would also welcome

contributions on thig topic for the Newsletter.



FOR YOUR DIARY
—_—

I.M.8. Group Theory Conference, U.C.G., May 11-12, 1979. (Details

from Professor M. Newell, U.C.G.).

Conference on the Numerical Analysis of Semiconductor Devices. Trinity
College Dublin. June 27-29, 1979. (Details from Secretary,
NASECODE 1, 39 T.C.D., Dublin 2).

Conference on Current Problems in General Relativity. Dublin Institute
for Advanced Studies, July 2-6, 1979, (Details from The Directaor,
School of Theoretical Physics (Working Seminar 1979), D.I.A.S8.,

10 Burlington Road, Dublin 4).‘

Dundee Biennial Conference on Nh?erical Analysis, Dundee, June 26-29,
1979,

L.M.S. Conference on Aspects of Contemporary Complex Analysis. Collingwood

College, Durham University, July 1-20, 1979.

L.M.8. Conference on Progress in Analytic Number Theory, University of

Durham, July 22-August 1, 1979. : B

L.M.S. Conference on Noetherian Rings and Rings with Polynomial Identity.
University of Durham, July 22-August 1, 1979. (Details from
Dept. Math., University of Durham, Durham DH1 3LE).

A.M.S. Summer Research Institute Finite Group Theory. University of
California, Santa Cruz. June 25-July 20, 1979 . (Details from
Dr. W.J. Le Veque, A.M.S., P.O. Box 6248, Providence, R.I. 02040).

CALCULATING PRODIGIES

anes Callapy (l].C.0.)
1

During the cighteenth and nincteenth centurics some remmkable »
individuals appeared from time to time whose phenorenal powers of rupid
mental calculation excited the interest of mathomaticians and peychelogists,
Those who possessed such powers [rom an earl, ape and were rostly self-
taupht are the most jnteresting:

Buxton (1707 - 1772), an Enplish farmhond; TFuller (1710 - 1790,

a negro slave; Whateley (1757 - 1863), later Protestant Archhishop

of Dublin; Colburn {1804 - 1840), a farmer's son of Vermont,

U.S.A.; Bidder (1806 - 1878), son of an Fnylish stonemason;

Dase (1824 - 1861), of Hanburg; Safford (1836 - 1901}, of

Harvard; and three shepherds, Mondeux, Mangiarele oand Inaudi,

about 1867 - 1900.

It is significant that 411 but two have becn corpletely ignorved by his-
torians of mathematics who always tcllv us of the extraordinary calculating
powcrs posscsscd by great matheraticians like Euler and Causs at an carly
age. Apparently, there exists a consensus of cxpert opinion that ability
to do mentfal arithmetic rapidly has very little, if any, corrclation with
mathematical insight and creativity. ¥hatever about the converse, this
view probably derives from a tradition originating with classical Creck
mathematicians who clearly defined 'arithmetica' or number theory, as-a
liberal pursuit, and 'logistica', or practical computation, as wworthy

of inclusion in the 'mathemata'.

We find this view retlected in Renaissance writers like leonardo
Brini (1536) who expressed nothing but contespt for the medieval
'calculatores' and in our own times the historian of science, Ceorpe Sarton,
protesting that press reporters and other ipmorant people attribute
mathematical penius to those liphtning calculaters who can perform fun-

tastic computations.

Khen one stulies the methodolopy of sorme of those mentioned in
achieving amazing feats of numcrical skill, however, the classical arpument
appears insufficient nor docs it Justify the attitnde adopted by historio-
graphers towards them. Sarton's statement that it represents mathematical
ability of a very low orvder loses much of its credibiM ty teo, when ene
considers the wmique analytical processes (eften deviced ad hoc) of caliu-
lators 1ike Bidder, Colburn and Inaudi, apart n]toyoihcr from the tire
factor, Ve are fortunate in.this respect to have complete explanations,

notably from Ridder and Colburn on their own methods and from Rinet and



Darbouy on those of Ingulj, They indicate mathematicul ability of no memn

order and at tires achicve the quality of elepance which we miy define as

the divect attainrent of g foreseen end, Mode m ln:ltl'nmmtics, to be sure,

e rprere dekt o the Grecks for havinp consistently substituted ideas

lor calentatisns, but ane feels that those culculating prodipics belong
to o wore micion tradition, the wealth of which has only rccently been
tappad by arclieslonical research.  This tradition foes back over four
willonia to the indefatigable Babylonian caiculators vho compiled those

o idweivable tabiles of reciprocals, powers and Py thagorean triples', using a
curbrows ¢ for notation to achicve amazinply accurate results, Since
their sexaeesiral SYsStem was not readily adaptable to abacal computation,
and for that patter buing positional it does not require it, ithe art of
rapid rental caleoiarion rust have been highly cultivated a good thousand
ycurs before the freels appeared on the scene, '

Perhaps the best tightning calculator of recent times was Professor
ACo Althen of Einburgh who described what poes on in the mind of a rapid

rental calculator. After g lectyre in 1954 he referred to the discouraging

influence of modem rachines en péople with talents like his, remarking that
“mental calculaters ray, like the Tasmanians or the Maori, be doomed to

extinction, but you my be able to feel an alnost anthropological interest

in having scen one",

e huwonists amongst us, hewever, sti1l continue to fee]

a lively
matherticat interest in their careers

and nethodology and at our History
conference in U.1.C. we looked at the achicvenme

nts of some of those heroic
individuals of tie eiphteenth

and nincteenth centuries already mentioned.,

The following discussion necessarily exclwdes sene relevant complementary

miterial which was Projected on transparencies at the conference 34/ v/ 5.

JEDEDINT BUNTON (1707 - 1772) bom at Elwton, Nerbyshire, was the son

of the villupe schuolmster who corpletely neplected his vdueation. e

hever learned to read or to write fipures and his menta) faculties were of a
low order.  Niehers however had such g fascination for him that if any

object was stated le hegmm at once to cormuie how many inches it measired
or what its arca or volume was, |lis only practical accomplishment was to
estimate by inspection the acreage of an ivrepular ficld very accurately
but his calculations were slow,

le could find the time for sound to trave)
S miles at 1112 . per

second wentaily in 15 mnutes, but in 1751 he caleniated

e nediors of reven, eipht and five digity

the produst oy 5 respectively

carrying on the Corputation over several days in his ming, -

In 1754, he was examined by some menbers of the Royal F)o‘ci(;ly vhile ‘m .
Lendon, where sone of his {riends brouyht him to Drury 1...1.10 10‘5%‘? .1‘ :»(1')
of Garrick's. Curious to study his reaction, they asked his opinion . .||‘-|
was nepative except for the fact that he could tell them the exact il

nhe ps i w dances,
of words uttered by the various actors and the mumber of steps in the

It was found also that he vorked on bascs 60 and 15 and had invented a
N i ‘ 1 I I3 - 1] ()
notation of his own using terms like 'tribe' for 10" and ‘crasp' for )

ious ¢ i ature in his
when recording large mmbers. A curious and perhaps wnique featy

30

case was his (Jl)l]ll)’ to hiandle two or wmore differc alcul: oSl e
. andle A 0 ' ent caica one PR iRE 1
{

neously,

11!6?-MS FULLER (1710 - 1790) was a Nepro, hoTn in /\frica.. 'lle :\'as
captured in 1724 and exported as a slave to Virginia, U.S.A. .kac l,ux‘:ox:‘,l
he never learred to read or write and his abilitics were confined m.n,‘n a
arithmetic. He could multiply more rapidly than Puston 1‘:.'? mm‘?)f-:r:: uf’ ‘f;j
to nine digits each and give the nunber of grains of com in ”.gl\’m."mb
or the number of seconds in a given period of time. waI?ms 11\\'(.71v%n.rf
proportion, or the 'rule of three' as it was knawa, were his speciality.

He was a slow calculator compared with others who follow,

RICHARD WHATELY (1757 - 1863) was remarkable for his ability to ,cn]‘—.
culate rapidly at the age of five or six yecars and the fact‘ ﬂm.t he ]_‘_n“
became Archbishop of Dublin., We shall allow him to speak 101‘.1111119011 -
""Soon" he wrote, "T got to do the most difficult sums always in my ]j(\:id’.

for 1 knew nothing of figures beyond numeration, par had T any r‘\:nms i.m

the different processes 1 used. But T believe my s%uns were c]nofl)'.n;
multiplication, division and the rule of three. 1 (]ld.l]l(‘SC ml.ldl O“.JCJ‘]H )
than anyone could do on paper and T never remember having comnitted an crror.

i i ati e >~building' moming, noon and
I was enpaged cither in calculation or ‘castle-building ,

hich ti assion wore of f, 1
" night but when I went to school, at which time the passioc ,

H a P ricct unce at ¢l mg, ¢ s Q ( 1 od t ¢ since .,
béc nne CTIC dun cC a ]7]‘0’ ng Hld so h ve continugd to b CVeY

ZTRAIN COLBURN (1864 - 1840) was perhaps the most cc"lcb?-ntc‘d.o{”th,(" §
lightning calculators who could claim some TCCOS{IHUOI.) ﬁ.‘om ':]StO) 11:»;,7.:1) m
because of his parmmount influence on the carcer of William l\o\\':m.lf.umllm
at the age of fiftcen. To quote Sir Fdimnd Whittaker (May 1954) .'\oun_u. )
Namilton loved poetry and the classics but his intereste and ‘thc \\hoilc course
of his 1life were completely chanped when he met one Zcr:dl.Colmam, an
American younpster, who gave an exhibition in Mublin of his powers as a



liphtning ealcuiator i 1820". Referting to the dceasivn in later life;,

Hawilton recilied: * "For a long tife aftenwirds, 1 1iked to perfori long

operations i drithmetic in my nind, extracting squire and ciihe rosts and

cw:i'ylilinji that rclated to tlic propertics of nilmbers'.

Colburii was the son of a shiuil farmer of Cniult; Vermont; U.S.A;; and at the

age of six showed extraordinary powers of meiital calculdtion whick hé

exhibited on toirs of Aiericd. In 1812; fis petrformed in loridon wherd lie

wis repeatedly eximined by competerit obsérvers: Tt was clear that the child

of eight yeurs operited by certain rules and while doing his calcdlations

his lips woved ds iF he was expressing the process in words. He was able

to explain his method i some cascs but his speed in fiiding fictdrs of

larpe nimbers, sqtiore and cube toots dlmost inSth'ntanchs‘ly was amazing.

then asked once for the square of 4395, lowever, he hesitated but on the

repetition of the question he gave ﬂ;xe correct answer 19,316;025. Questioried

about his hesitation, he replied thatshe disliked mil tiplyifig two four-Figure

nwibers but he had thought of another way. In his own words: "I got the

factors of 4385 as 293 x 15%, I multiplied 293 by 293 and then the product

twice by 15", i

In 1814 he was in Paris but his exhibition fell flat amid the political

turmoil of the time. Some Implish friends and Americans like Washington

Irving raised a fund fur his educazion and he was admitted to the Lycée

Napoleon and later to the Yestminster School in london. With education,

however, his powers of rapid calculation declined and he lost the boyish

frankness which had charmed his audiences. Subsequently, he :commenced on

the stage, tried his hand at teaching school, then beccame an itinerant preacher

and, finally, a 'professor of languages'. It would seem that he was

destined to have saved William Rowan llamilton from a similar fate., Colburn

did however find time off to write his autobiography containing an account

of his mcthods hefore he died at the age of 36. llis longest time fnr any

talculation scems to have been about three scconds, othcmise he gave correct

answers instantly to such problems s s . W Vn<9 nel,;
2 £ ‘

lolyag™ . 2653361259

taking them down had to ask him to repeat them. But, although wnable to explain

his method of fuctoring, his ability to deal with primes was marvellous -

as Cajori records - in readily showing that T')'_l e A T4, FET 1G]

« ihis was the example piven by

so rapidly that the gentleman who was

] . - ’ v 4T et
had paime Lo tons LTee, 7 X L4

13

»
Yuter as invalidating Femmat's Prime Mamber formia 2% + / , of which

Colburn as a boy was wnaware.

GEORGE PARKER BIDDER (1806 - 1878)
by fur the most intcresting of all self-tauiit calculators, bocmise he sihse-

a contemorary of Colbuwin, however, is

quently received a University education, retained his lightning power of
calculation to the end of his life, and gave us a full analysis of the methods
he invented and used. Born at Moreton, in Devonshire, at the ape of six he

was tanght by his father to count up to 100, Although he knew not]ﬁnp of the
symbols nor the meaning of arithmetical terms, using the cownting process only
he taught himself the results of addition, subtraction and multiplication of
numbers up to 100 by arranging and re-arranging marbles, buttons or pebbles

in patterns. In later life he attached great importance to this experience

and believed that his powers of calculation were strengthcned by the fact that,
ignorant of the written synbois, he had to rely on concrete vocal representation
of nubers orly. then he was nine years old his father took him on tours aheut
the contry to exhibit his extraordinary powers. In less than a minute he pave
the time it would take sound to travel a distance of 123,256 miles at 4 riles’
per minute, in days, hours and minutes. By the age of 10 he could find the
square root of 9 550, ¢69.i2/ jipn 30 seconds. In 1817, two distinguished
Cambridge praduates, Jephson and Herschel, were so impressed by his general
intelligence as well as his calculating abilitics that they raised a find for
his education and persuaded the father to abandon the role of showman. But in
a few months the father had changed his mind and insisted 1pon his son's retum.
Tn 1818 he was matched against Colburn who \;'ns then two vears older than

Bidder, and proved to be the better calculator. Finally, the father and son
came to Ldinburgh where some members of the University succeeded at last in
persuading the father to leave the boy in their care. In due course, Bidder
graduated with distinction in Civil Engincering, hecame a successful railroad
engincer and desimmed,. snd also supervised, the construction of the Victoria
docks in London. He retained his amazing powers of rapid calculation to the
end of his life, which proved a valuable asset to him as a frequent parliamentary
witness in engineering matters. Just before his death, at the ape of 72, he
gave an illustration of them to a friend who, in connection with the then

recent discoveries in physics, remarked that if 36,918 waves of red light,
occupying only one inch, are required to give the impression of red to the eye,
how immense must be the mumber of rays striking the cye in one second, if light
travels at 190,000 mls per second; “You nocdn"t work it out", said Pidder, "the
number will be 444,433,651,200,000". ' : J

b



Bidde s had two clder brothers, onc an actuary, the vilier in yelj ion

and ;1?50 a son who later became 3 distinguished barrister - al1 c[:f tl:cm
hud-smijnr pesers of rapid mental calculation but noac of them developed
their povers 1o the same extent, Fven jn the thi"rd feneration, a prandson
and o granddaughter inherited the same ialents, | ’ ‘

l.,ll:'.\'RI MONDIUX and viTO MANGIAMELE, both of whom were bom in 1826, are an
)n‘tcrcsting pair about whom there was a suspicion that tﬁcy hag be’cnvex -
loitcd by others who taught them rules e.nabiing them to simulafe owe ’
they didn't ,xogscSS. Both were shep])erdé, in veﬁ péor circ;mﬁ;mr))ﬁ;srs

and after short carecrs as exhibitioners retuymed to tfucir shcep oncé more
In 1839 apd 1840 they were brought to Paris and tested by Arayql Cauch .
and others. Mondeux's perfoxmanc_es_ were strii(;ng. :(Me quc%tlo;; .ut‘ tc): him
was the sciution of the equation x4+ S‘lr = 373- o té f:hich he |
.:xnswercd 3 and 4 , not det.ecting the third ,roof =7 anod:ef w'as to find
mtc;:'ra.l solutions for x - y"‘-: 33, to which he. replied z;t once
(67,46 and when asked for avsimpler solutioh he séid irAlstantlly”(/-?: 6 )
As children they were indeed ren;arkable, but M;)ndeux ikf he Qérc reali ? .
stelf-taught like the other prodigies, would haﬁe to bé credited wit.h‘ Zhe
dlscovcry of 'algebraic theorems making him a mathematical géﬁius.‘ In that
casc, he would certainly have achieved far more than he did.

JOHANN MARTIN ZACC'ARIAS DASE (1824 - 1861) 61" Hanburg, on the other hand
w..1s the calculating prodigy who made some special contributions to the ,
history of mathematics . Having had a fair educationb and every opportunity
to develop his paiers he made little progress beyond fcckoninf and nﬁmcriqu
calculation, Mo was dull-witted, knew only German, and rema.in‘ed igorant .

c:f feometry to the end of his life. I held yarious sma1l official posts in
(,cm:u'l)' from tise to time and also gave exl;izbj;ions of hi$ ékill in Germany
Austria and Fngland, While in Vienna he mt St;';ns:zllicky who bﬂ-ccjl hi:m\ to’ "
- apply his povers to scientific purposes and _wa; i;‘xrbduce.d‘ to G.a.uc.s. o
Schuaacher and Petersen, As a lightning :czllcu;n,x.nr ))0 hoids the t.ml:catcn
record for having found the square rgot of a lm.-;d;igi't nuznbc;\ m 5:2’ ﬁﬁnﬁtc‘;
Like the others he had a phenomenal mmogj' nnd ,co.l;l‘ldr rcpc1t nllzfﬂxé nu;nb;r; .
x:r.,-mjnncd in nypor.fommnce onc hour afteorwards .‘ ﬁis ﬁ;cul"ivnr: f'ift t:o--m\:i\:nt
like Rurton's, was ability fo calculate at a plance the numbher ;)f ;hée" in‘

a flock, books on a sheli or the nunhey of Jcr-tcrs in a line of pr.i}xt ’
chosen at randon, His calclations on paper were ,in}'.;rr.'dii\-))' }npicl “lu‘;t alvays
correct, and at the age of 16, Strasznicky taught ixim the formila ; o

I w= ancfand 4 anclowd o amluc L
r & -4 ¥

Ik

and aaked him to cnlculnte ®  approximately. In two months he cirriod
the approximation te 206 places of which the first 200 were correct - a
result which was published in Crelle's Journal 1844. Trom 1844 to 1847 he
was employed in the Prussian Survey and in his leisure time calculated the
natural logarithms of the first 1,005,000 numhers to scven decimal piaces.
On the recommendation of Gauss, the Hamburg Academy of Sciences pave him a
special grant for the purpose of making tables of factors for all numbers
from 7 A 1" to Y but he lived only lonp cnoﬁp_h to finish about half the

work - he was aped 37 when he died.

TRUMAN HENRY SAFFORD (1836 ~- 1901) of Royalton, Vermont, U.S.A., although
always a rapid calculator in his youth, gradually lost his exceptional powers
with education at Harvard where he became a professional astronomer. At the
age of 10 he was examined by experts answering readily such questions as:
'What is the surface arca of a regular nyramid of slant heipht l7l:md vhose
base is a regular pentagon of side 333 - vhich he answered correctly as
33545558 sq. ft. in two minutes. Like Colburn, he factorized large

nurbers with ease but could not say how.

JACQUES INAUDI (1867 - ) who started life as a shepherd spent

the long hours of his watch pondering on nunbers but, wunlike Ridder, used
no concrete representation like marbles etc. - except perhaps 'variants’
such as sheep.. At the age of six his brothcr, an organ-erinder, took him
on tours throughvr‘rovence, during which he eamed a few sous in street _
exhibitions. Mis extraordinary ability in calculatior attracted the atten
tion of some showmen who took him to Paris in 1880, Still igmorant of
reading and writing, he was very impressive in his performances and his
povwers steadily improved wntil he could multiply two nurbers of ten digits
rapidly. In Paris, Binct and Darboux posed him many problems such as the
square oot of F the difference between the souare of 4S¢/and ity
which he found immediately. 1l could find integral roots of cquations and
integral solutions of problems by a method of trial and error, hut his most
remarkable feat was the expression of numbers less than /0° in the form of
a sum of four squares, taking no more than a minute or two. This power
was unique and most mental calculators found considerable strain attompting
it - as indeced have most mathematicians nttompting‘to rrove Rachet de

Moziriac's (1612) theorem that any mumber may be expressed in this form,

which was first proved by Lagranpe in 1770.



ke are indeed indebted to Binet and D;‘Arhoux for detailed descriptions
of 1 typical performarce of Inaudi's, published in the Comptes Rendus and
the Pevue des deux Mondes of 1892, and a complete: analysis of his own
retheds by Pidder, piven in a lecture to the Institute of Civil Inginecrs
in 1856, 1t was fenerally thoupht that as well as having phenomenay,
rerories eost lightning calculators visualited numbers, but both Bidder and
Il relied altopether on articulation and hearinpg., Inaudi always
repeated nerbers proposed to him slowly to his assistant who wrote on a
blackboard, :nd relied on his speech muscles and his ear during calculation;
he never glanced at the written symbols vhich would only confuse him, he
said. Bidder said it would have taken him four times longer if mumbers
were written for him as they would not be so vividly impressed on his imagi-
nation, and never used syrbols at all in his mental prbcedure. He thought
of o meher, like 984 for instance, in a concrete way as a collection whicn
could be arranged in 24 sroups of 41. Dase on the other hand appears to
have visualized the numerals as on paper. Another feature common to many
of them was the ability to repelt the mmbers occurring in a performance
hours afteswards, and a.lso to give the correct sequence of digits forwards
or backwurds from any selected point. Bidder once did this, one hour after-
wards, in the case of a number of 43 digits. He had developed an associative
principle for mmnltipiic;ltiox) at the age of eight, by which he could mltiply
two nuibers of six digits each in about seven seconds - a facility he
acquired by practice at the villape blacksmith's forge where the locals
congregated in those days to match feats of skill. He multiplied from left
to right - contrary to school practice - adding his partial products as he
procecded so that he never had more than two nunbers to add at a time. 1%
is remarkable that Tnawdi also multiplied in this way and sometimes uscd
negative quantities as in 17 x 727 = -7-7(73"*‘/) .
Bidder used a process peculiar to himself which he termed a digital process,

In division

where a 'digitai' s defined as 'the sun of the digits (mod 9)', ~ That the
dipital of a mumber is cqual to the product of the digitals of its factors(medq)
is a theoren which can be applied to find if 73, for instance, is a factor

of 23,141, : '

A curious question has been raised as to whether a law can be found for the
vapidity of mental vorking of calculating prodigics. Bidder stated that in
mltiplying a nwber of n dipits by itselfl he believed the strain on his
mind viried s pn! {assting sirain proportional to time). In the casc of

Dine it scems to have heen n‘, but more detailed information and obscrvation

17

would be necded to support any theory on this subject.  Perhaps, some
day, computer scientists, interested in cybeineticn, and behav.oural
psycholopists, interested in numerics, may be able 10 enlichten us when

they come up with the caleulating prodi;m par excellence - an automitic

-~ sclf-propramming digital computer,
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PERFECT NUMBERS

John Cosgrave

(Carysfort)

A natural number m is said to be perfect 1f the sum of all the
divisors of m equals 2m. Thus, 6 and 28 are perfect, because
1,2,3 and 6 are the factors of 6; 1,2,4,7,14 and 28 are those of

28 and 1424346 = 12 = 2x6.
1+42+44+7+14428 = 56 = 2 X 28.

One could say that m i8¢ perfect if the sum of all the factors of m,

less than =m, equals m. Thus

1+243 = 6

P

and 1+2+4+7+14 = 28.

Anyone who did the calculations required to find which integers m,
with m £ 1000 (say), were perfect, would find only three examples,

&

namely 6,28 and 496. These numbers have the following "prime factorization”

g = 2 xa!
28 = 22 x 7t
a6 = 2% xm!

3,7,31 are *he only proper odd factors of 6,28 and 496 respectively, and
they are alsoprimes - not only that, for it is also gtriking that they
are each one less than a power of 2, and also these powers of two are
in each case one more than the corresponding power of 2 occurring in
2

1 3
the prime decompositions of 6,28 and 496 (namely 2,2 ,2) so one

is led to guess that:

Theorem 1 1f the number (Zn-l)

21 (2™ 1) 1is perfect.

Proof

ot 2"

pit)

is prime, then the number

Let p = (2“-1) and suppose p is prime. Then the factors

-1

.p are as follows:

1,2,2%,...,2 (their sum is (2"-1))

n-1

2
and p,2p,2°p,...,2 P (their sum

is (2"-1p).

Thus the sum of all the factors of 2" 2" is:

Now it could be that 24 P

2"-1) + "-Dp, i.e.

1

(2"-1)(1+p).  This equals (2"-1)2",

which 1s 2.7 1.p). so 2"12"-1) is pertect.

is perfect for some prime p other than

31. Lets see what p would have to be like. Suppose 24p was perfect,

then since the factors of 24p are:

and p,2p,22p,23p,24p (whose sum is

so P

31 + 31p 2 x (24p)

t.e. 31 +31p = 32

i.e. 31 = 32p - 3lp

would have to equal 31 after

You are now ready for

Theorem 2 If the integer 2n-1.p

prime,

Proof

then p = (2°-1).

The factors of Zn-l.p are:

1.2,22,23,24 (whose sum is 31),

31p), it would follow that

13

32p.

L}
o

all!

is perfect, where p 1is an odd

-



1,2,2%,. .21 (vhose sum 1s (2"-1))
and p.20,2%p,...,28"1  (whose sum is "1,

and it would féllow that:

@"1 + @"-1p = 2x (zn’lp) = 2",
i.e. @™y o+ @"p = 2%
1.e. (2" = 2% - (@"np = .
So we have (2n-1) = P

Theorem 1 and 2 were known to Euclid and tell us that the only even
-1 . _ n
perfect numbers of the form 2" p are those for which p = (2 -1).

These perfect numbers are gaid o be of Euclid type. The theorem of Euler

—
»
(18th century) states that the only even perfect numbers are those of
42 3
Euclid type (so there are none of the form, say, 2 pq°, where P,q are
.

odd primes).

n
What we now wish to ask is this, when is the number (2"-1) a
n
prime number. These numbers are called the Mersenne numbers (Mn.Mn=(2 -1))
after the 17th century.French mathematician Mersenne, (see for example,

Volume One of Dickasons Theory of Numbers).

and M, (i.e. 3,7,31 and 127) are prime, M, M ,M_,M

Mg Mg Mg 7 6+Mg Mg
and M are composite. It 1s easy to show that if n 1is composite then

10

Mn is composite. It was once (wrongly) thought that if n 1s prime then

M, is prime and this is seen to be false for the next case after M7 for
M, = 2™-1) = 2047 = 23x89.

heorem If n 18 composite 8o also is Mn.

Proof Since n is composite, then n = axb for some integers a  and

%l

b with a,b 22. Now M, = (2"-1) = (220

= (2“-1)(2°(b'1)+...+2b+1).
a 2
Now a 32 = (2%1y3 (2% = 3,
and b 22 => (2“(b'l)+...+2b+1) 2 (— 2%y = s

Thus Mn 1s the product of two integers (24-1) and (2a(b_1)+...+2b+1)

neither of which is 1, and so Mn is composite.

S0 we are now interested in the numbers M_,M MM M

2'73'"5 77 ll'M13'M17'
M19'M23'M29'M31"" i.e. the Mersenne numbers with prime suffix.

M

5 Mg, My and M, were known to be prime by A.D.100, Regius (1536)

noted that M is composite. Cataldi (1603) showed that

11 and

M13:My7
M19 are primes (by checking for prime divisors a la Eratosthenes), but
erred in claiming that so also are M23 and M29 and M37 (why did he
not say anything about MSI?)' These last three were put right by
23
Fermat (1640) who showed that (2 "~1) 1is divisible by 47, and that
37 29

(27°-1) is divisible by 223; and Euler (1732) who showed that (2 7-1)

is divisible by 1103.

In 1644, Mersenne claimed that the first eleven perfect numbers are
given by 2p-1(2p_1) for p = 2,3,5,7,13,17,19,31,67,127,257; but he
erred at least in including 67 and excluding 61,89 and 107. Laczo (1867)
proved that (267—1) is composite (without actually exhibiting a s
factorization). Cole (1903) gave an explicit factorization of Mb7 which
was

2871y = 193,707,721 x 761,838, 257, 287

Euler (1750) showed that (2°'-1) 15 prime;

Lucas (1878) showed that (2127—1) is prime;



Pervoudhihi (1883) ehbwed that (adl-l) is PPiie;

Powera (1811) showed that (Isb-l) is prime;

Powers (1914) showed that (2107—1) is prime.

So all the Mersenne primes (in order) up to M127 are:

M2,3,5,7,13,17,19,31,61,89,107,127'

7

M,,, = 170,141,183,460,469,231,731,687,303,715,884,105,727 .

521 . 607 1279
-1, 2%y, 21770y,

D. Lehiner (1951-52) showed that (2

(22203—1) and (22281—1) are primes. Riesel (1958) showed that
217 42 42
(23 1 -1) 1is prime. Harwitzv(1960?) showed that (2 53—1) and (24 3-1)
M ]
are primes. Gollies (1964) showed that (2°°%%_1), (299%1.1) ana (2112:3.,,

are primes. Tuckermann (1971) showed that (219937-1) is prime. Lastly,

the 25th Mersenne prime was discovered on the 30 October 1978 by two

18 year old students (at the California State University), Laura Nickel

and Kurt Noll:

- (221’701—1) is prime,

¥31,701

and so,
221'700(221'701-1) is the 25th even perfect number.

Theorem (Euler): Let p be an odd prime, then any prime factor

of Hp(=(2p-l)) must be_of the form (2np+1) for some integer n.

This, together with the observation that if a number N 1ig composite

it has a prime factor $/N, enabled Euler to verify the primality

of Mp for small values of p. To take an example: to check if

(213-1) is prime, (213-1) = 8181. According to Euler, any prime

factor of (2'%-1) must be of the form (2n.13)+1, 1.e. of the form

(26n+1) According to Eratosthenes we need only search for prime

divisors up to 8191, which 1s between 90 and 91. Now when

qu wgep n=1, zﬁnf; = 27 18 not prime;
n=2, 2§n+; = §3 is prime; )
n=3, 26n+l = 7? is prime;

na?. 2?"?} 2105>91; 30 no need to check.

Now it only remains to check if 53 or 79 divide 8181. 1f neither

does, we know 8191 1g prime. You should check to see.

The Euler test involves so much calculation for large p as to make
hig test of no practical value. The following test (the only one
used - the only other one, in fact) ig the one which hag been used

since 1876.

Lucas-Lehmer Theorem: Let p = 3,5.7,11,13,17,19, ... (odd prime).

Define the sequence {nn} as follows:

. 2
3:1 = 14, 8, = .1 -2, ay = .22_2 etc.

The
hen (1) 1¢ yp dividop a M i prime.

p-2' Tp
(11) 12
' b np does not divide np_z, Ip .is composite.

Example - 3

ples When P ?"'MP =21 =17, np_z = 93_2 =8 =14 and
here M ¢ ) : |
SR p e l‘dde' .‘Ip?z;' and A"P (1 €. 97) ‘1’ pr ‘Pe ¢ ¢

. .

__~__2__|“10n5 .P _(,:I ) v p-2 a 5-2 ‘,.3- NO" ﬁl = 14,

3 = 15»-2 a 196-2 = l94. R, = 19472 < 376;6—3 = 37635 therefnre
? SIS .\ i3 : HEERS Ay seigg e HErefo

Mg divides f3, and 31 divides 37634, therefore M, 1s prime
h LA ; bt by ..5 .

23
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Shgrtqy»Sqlpy$gg (using congruences)
a, = 14 = 142 =
1 ' a, = -1 = 196-2 = 194,

Now 8, = 194 = 8(mod 31) (since 194 = (6.31)+8)

Therefore a, = Bz(mod 31) co

2 2
a, -2 8 -2 = 64-2 = 62 = O(mod 31)

1

a, O(mod 31). Therefore M divides

3 5

SECONDARY SCHOOL MATHEMATICS

T.J. Laffey

Théte His been quité dn amount of distigiichi for some time now on

4, and M5 is prime. the content of mathematics courses i secotddry schools. Many people
teel that there has bedn & general decline iii the lével of computational
skill and ability to solve problems in studeits who leavé schooli.

Variots dttempts are being made to identify the reasons for this and

to find remedies. Among the reasons suggested are the following:-

: (1) The "New Math',

(2) Over-emphasis on teaching "concepts" and a feeling
that as long as the "concepts" are 0.K., thé answer

doesn't matter,

(3) The more abstract presentation of material, particularly
geometry, with the result that the students are not
taught to relate mathematics to commonsense and

experience, ‘

(4) An unwillingness on the part of teachers and pupils to
spend large ambunts of time going through, perhaps somewhat ‘
dull and repetitive routines, in order that students get to
know these techniques thoroughly.
-

At present, there is & great deal of debate going on throughout

the world on the value of the so-called New Math. (i.e. sets, relations

IS
<



nd functions done abstractly, geometry based on axioms about mappings,
etc) and there appea}s to be a growing feeling against its being
appropriate material for secondary school curricula. While very
many mathematicians would not lament if students never heard the word
set or group in a wathematical context befor; coming to Third Level
courses, completély reversing curricula to what they were twenty
years ago would not necessarily solve the problem. 1In the U.K.
similar difficulties in relation to computational ability have been
encountered, despite the fact that relatively little of the New Math.

has been introduced in curricula there.

In relation to (2),(3) anve, many remedies are being suggested,
such as that pupils (particularl; pass level students) should only
be subjected to Mathematics which is immediately applicable in non-
mathematical areas (e.g. calculation of area, volume, compound interest,
etc.). However, to concentrate on teaching students forwulae and
results (without proofs) and applying them in the most obvious way, is
very far from the ideal of mathematics asva precise logical structure.
Also, the type of mathematics which is applicable depends very much
on the area of application and also on the sophistication of the
applier, For example, the "non-applicable" binomial theorem becomes
important in later applications of probability. The teaching of
geometry in schools has always created problems. Weaker students
have often just succeeded in learning off proofs by heart. The new
geometry (using napﬁings) was to some extent intended to remove the v
constructive element in Euclidean geometry and make the subject more
amenable to algebraic techniques. However, it appears to be generally
felt that it has not succeeded and that the weaker students now know

even less geometry than they did before.

Many peopl
Deople think that (4) is symptomatic of a general feeling

in soc
lety that things should always be "easy" and "not b
o oring".

There is also.an
. emphagis on "discovery"
Ty" as a method of teachin
g rather

than teacher
stating the facts, Vhile many mathematicians view th
e

teachingsg
gs of educational theorists and sociologists with cynici
cism {f

not outrigh
ght amusement, thege theorists have quite an infl
uence on

he des o o
B a etc,, par ular Y a primary ev
t i £ curricul t tice 1 t 1 el and their

views should be con
sidered and challen,
ged if that 1s feilt a
ppropriate.

In Great
Britain, a core syllabus for A Level Mathematics h
as

been proposed re
cently and it ig yea
sonable to expect th
at in the next

few years here
» Bany proposals to change the existing struct
ures will

also be put forward. I feel that mathematic ans should ex ress their
i p

views on thig
matter, since the future mathematical 1ife of th
€ countr
depends ve y
Ty much on fostering and developing an interest i
n, and
knowledge of, mathematics in schools .
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PROBLEM SECTION
_—

It is hoped to include in each issue of the Newsletter a set of

problems of general mathematical interest. Readers are invited to

submit problems for inclusion in this section. It is envisaged that

the problems posed should be intelligible to (though not necessary
soluble by) people with a degree in Mathematics. It is hoped that
most of the prob]ems posed should be soluble and it is intended to
publish solutions to those in subsequent issues of the Newsletter.
Readers are invited to submit so]utlons to the prob]ems posed for
consideration for inclusion in the Newsletter. Correct solutions

will be acknowledged in the Newsletter.

(2,

(2.

(2.

(2.

(2.

(2.

(2.

1)

2)

3)

4)

5)

6)

.7

8)
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Problem Set # 2
2100 8m vet #E 2

Let x be a fixed real number. Find

=1,2,3,...}

sup { 312;25 }n -

Prove that if ¢ 1s a real number such that n° i3 a natural

number for every natural number n, then c¢ is a non-negative

integer.

Prove that a commutative Noetherian ring has only finitely many

idempotents.

k k
Let a ,8 2+...+aln is

n

k
et be complex numbers guch that a,+
k.

real and non-negative for all natural numbers Prove that

max |a | =a, for some j.

Leien 1
1
Evaluate J lgg_zgx
o Ji-y2

Is it possible to make more s8ix letter words out of MUHAMMAD ALI

than CASSIUS CLAY?

Let ¢ be Euleg's function, i.e. ¢$(k) 1is the number of natural
numbers r with lgrgk and h.c.f.(r,k) = 1. Let a3 be odd.

. 2
Prove that 4n2 divides ¢(a n—1).

Let £(x),g(x) he monic integral polynomials and let a,8 be*
roots of f£(x),g(x), respectively (in the complex field). Suppose
a,8 can both be expressed as integral linear'conbinations of
Square roots of integers (e.g. a = 3/-5 - 7/17 + 3/2). Prove
that there exist integral polynomials h(x),k(;) such that the
highest common factor of £(h(x)),g(k(x)) hasg degree greater thuan

one. Generalize!
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(2.9) Let n be the least natural number such that there exists a
2
simple group of order n". Prove or disprove that n = 11760.
Let m be the second smallest such natural number, ' b

m = 81,898,320,
Solutions to Problems

(2.10) Let a be the companion matrix of g polynomial c(x) of
degrée n (with the coetficients of c(x) on the bottom row)
and let B be the matrix with 1 in the (n,l) position, zerosg In this section, we give outline solutions or references to solutions
elseyhere. Prove that c(A+xB) = xI, to problems posed in the Problem Sections of previous Newsletters. In

. this issue, we discuss three of the problems contained in Problem Set ¥1.

1. Given a sequence of n2+1. integers, show that it i8 possible to find a

subsequence of n+l .integers which is etther increasing or decreasing.

While a direct proof of this is possible, we think that the following

" generalization 1s of some interest.

Let P be a partially ordered set. A chain of P is a totally-
ordered subset of P, An anti-chain of P 15 a subset S of P such
that no two elements‘of P are comparable (i.e. if 8,t ¢ S, the statements
8<t,t<s are both false).

‘

DILWORTH'S THEOREM Let P be a partially ordered set. Then the

.
number of disjoint chains which together contain all the elements of P

is equal to the maximal-size of an anti-chain of P.

! An elementary (but not easy) proof of this appears on pages 62-64 of

M. Hall: Combinatorial Theory (Blaisdell Publ. Co., 1967).

To apply this in the question under discussion, let LITRN

2
where m = n"+1 be the given sequence. Let P = {(i,x,)|i=1.2. ... . Bl
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. .

Define a partial order on P by (1,x1)< (J,xJ) it 1<j and x1< xj.
Let C be e chatn in P, gay C = ((il.ul),...,(ia,us)), where

(ik.uk) < ( k=1,2,..,,8-1. Then ul,...,us is an increasing

TSR
#ubsequence of xl,...,xm. So if for some chain C, g 2 n+l, the
question 1s solved. Suppose for all chains C, s€n. Since P has

m>nz elements Dilworth's Theorem now implies that there exist (at least)

n+l elements (Jl'vl)""'(Jn+l'vn+1) of P no two of which are comparable.
> > > >
We may assume Jl <j2 <. .. < Jn+1' But then MEAL Vg ... vn+1
< < <
(since vq vr for q<r implies (Jq,vq) (Jr'vr) which is false).

Hence we have a decreasing subsequence in this situation.

In connection with this problem, we pose here a related problem
.
(M. Hall ibid. p.65): A set ot white mice is being studied experimentally.
If there are mn+l mice, show that either (a) there is a sequence of

(m+1) mice, each a descendant of the next, or (b) there are (n+1)

mice, no one of which is a descendant of another.

A generalization of Dilworth's Theorem (to a statement about Young
diagrams) has been fond recently by Greene and was discussed by Giap-

Carlo Rota at the International Congresa in Helsinki.

Let A,B be nrn (complex) matrices such that AB~BA has rank one.
Prove that A,B have a common eigenvector (i.e. there exists v # 0

with Av = v, By = w for some A, u).

This result was first proved as Thoerem (1.4) of Laffey, "Simultaneous
triangularization of matrices ~ low rank cases and the non-derogatory
case”"  (Linear & Multil. Algebra, to appear). The proof depends on a long ;

series of trace calculations. More recently, a different Proof has been

found by R.M. Guralnick, "A note on matrix commutators of rank one"
(ibid., to appear). However, the proofs are too long for inclusion

here.

There is one easy special case whose proof we include.

Defn A 18 called non-derogatory 1f each eigenspace of A has
4

dimension one.

Assume that in the Question, A ig non-derogatory. Let
C = AB-BA. For each polynomial f(A), tr £(A)C = O. However,
since C has rank one, Cf(A)C = (trf(A)C)C. So CL(A)C = 0. Let
W be a vector with Cw # 0. Let p(x) be the non-zero polynomial of
least degree such that P(A)Cw = 0 and let A be a root of p(x).
Let p(x) = (x-A)pl(x) and let vy = pl(A)Cw. Then (A-AI)v = o0,

Cv = 0,

Now Cv =0 gives A(Bv) = B(Av) = A(Bv) so, since the A—eigenspace

of A has dimension one, Bv = uv for some .

Guralnick's praof of the general result depends in part on showing
that in the Zariski topology, a neighbourhood of A contains non-derogator

t = -
matrices Al with C AlB BAI'

It may perhaps be worth mentioning that the result fails (for

every n>l) if .AB~BA has rank greater than one.



5 ig an infinite set of points in the plane such that the distance
between any pair of points of S 1s an integer. Prove that all the

points of S are collinear (i.e. lie on one straight line).
This problem and 1ts solution are due to P. Erdds.

Recall that 1f A,B are fixed points, the locus of the point P
which moves so that the difference PA-PB of the distances of p

from A,B, respectively, is a hyperbola having AB as axis.

Suppose that not all the points of 8 are collinear. Let A,B
be two points of 8§ such that there are an infinite number of points
of S not collinear with AB. JSuch points A,B must exist if the
result fails). Suppose the dista;ce AB = k. Let PeS. Then looking
at tﬁe triangle PAB, we get

_AP+AB 2 PB, AP+AB 2~ AP. F

So -k £ AP-BP ¢ k. However, AP,BP are integers and hence there
exist only finitely many possibiiities for AP-BP. Since S has an
infinite number of points not collinear with AB, we thus find that
there exists an infinite number of such points P with AP~BP = r for
some integer r with ~k<r<k. So all these points P lie on a
hyperbola with AB as axis. Let So‘ be the set of such points P and
let C be an element of SO. Applying the same argument with B
replaced by C and § by So, we see that there exists an infinite
subset of the points of So which 1ie on a (fixed) hyperbola with AC
as axis. However A,B,C are not collinear, so the two hyperbolas are
distinct, so their intersection has only a finite number of points.

This 18 a contradiction.

I wish to acknowledge the assistance of F.J. Gaines and R. Gow

in the compiling and solution of the above problems.
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